Introduction
============

Successful antibacterial therapies still remain challenging due to emerging antibiotic drug resistances.[@b1-dddt-13-275],[@b2-dddt-13-275] The spread of an antibiotic use in cases of viral infections enforces such antibacterial resistance developments.[@b1-dddt-13-275],[@b3-dddt-13-275] Infections with the methicillin-resistant *Staphylococcus aureus* (MRSA) belong to a leading cause of the so-called nosocomial infections.[@b1-dddt-13-275],[@b4-dddt-13-275],[@b5-dddt-13-275] Several risk patients, such as patients undergoing surgery, become infected with MRSA due to their immunocompromised situation.[@b5-dddt-13-275],[@b6-dddt-13-275] Such infections with MRSA occur with rates of \>39% in Southern Europe countries like Portugal or Greece.[@b7-dddt-13-275] *S. aureus* meanwhile developed resistances against antibiotics of last resort including vancomycin, linezolid, and daptomycin, whereas resistances against standard antibiotics such as erythromycin or fluoroquinolones are reported with resistance rates up to 80% eg, against ciprofloxacin for MRSA strains.[@b1-dddt-13-275],[@b8-dddt-13-275] Although resistances against those last resort antibiotics are comparably low, resistance determinants have been found on mobile genetic elements which bear the risk of a horizontal gene transfer to MRSA.[@b1-dddt-13-275],[@b9-dddt-13-275] Moreover, the use of vancomycin and linezolid is judged critically due to insufficient drug effectiveness and toxic drug properties.[@b10-dddt-13-275],[@b11-dddt-13-275] Thus, there is a strong need for novel MRSA antibiotics. Antimicrobial peptides have recently been discovered, but their use is limited to topical applications. If they are used for invasive infections, certain problems occur like host toxicity, degradation by proteases, extensive binding to serum proteins, and loss of activity on contact with physiological concentrations of salts. Moreover, their costs of production are also high.[@b12-dddt-13-275],[@b13-dddt-13-275]

Natural sources like plants, marine fungi, and bacteria have gained increasing interest in the search for novel antibiotics.[@b14-dddt-13-275]--[@b18-dddt-13-275] Isolated indolophenanthridines from cyanobacteria showed residual antibacterial activities.[@b19-dddt-13-275] Other indole containing compounds with attached aromatic or heteroaromatic nuclei have been reported to exert some antimicrobial activities.[@b20-dddt-13-275]--[@b22-dddt-13-275] The isolated yields of these compounds from their natural sources are poor and the synthetic access to such compounds is limited, partly due to sterically complicated substructures which are difficult to synthesize.[@b22-dddt-13-275],[@b23-dddt-13-275] A recent synthetic access to indolonaphthalenes with an unfavorable quinone core has been reported in a seven-step procedure.[@b24-dddt-13-275] We gained synthetic access to indolo\[2,3-*b*\]naphthalenes without such a critical quinone core in a simple one-step procedure under mild conditions using acetic acid and substituted indoles that reacted with *o*-phthaldialdehyde. The antimicrobial activities toward *S. aureus* including MRSA have been evaluated and first lead compounds with promising activities have been identified.

Materials and methods
=====================

Synthesis
---------

*O*-phthaldialdehyde (1 mmol) was dissolved in glacial acetic acid (15 mL). Then, the corresponding indole (2 mmol) was added to the solution. The mixture was stirred under reflux conditions as long as all of the starting *o*-phthaldialdehyde disappeared according to thin layer chromatography (TLC)-monitoring in CH~2~Cl~2~ (100%), which meant reaction times of a few hours. The reaction mixture was worked up by neutralizing the acid with NaOH (10%) and extraction with CH~2~Cl~2~ (50 mL) for three times. The organic layer was washed with both water and brine, each for three times. Then, it was dried over sodium sulfate, filtered, and concentrated in vacuum. The reaction products **3** and **4**, respectively, were given after column chromatography from all the collected and unified compound fractions after solvent evaporation. Column chromatography was carried out with silica gel and either ethyl acetate or diethyl ether mixtures with cyclohexane as eluents. The mixtures in the following percentages have been used: ethyl acetate/cyclohexane 15/85 for compounds **4c** and **4f**, 50/50 for compound **3e** and 60/40 for compounds **4e** and **4g** and diethyl ether/cyclohexane 30/70 for compounds **3a**, **3c**, **3d**, **3f**, **4a**, and **4h** and 50/50 for compounds **3b**, **4b**, and **4d**. For acetylation, compound **4a** (0.6 mmol) was dissolved in CH~2~Cl~2~ (3 mL). Dimethylamino pyridine (0.06 mmol) and triethylamine (0.7 mmol) were added as basic auxiliaries to abstract the relevant indole nitrogen protons. Finally, acetic anhydride (0.7 mmol) was used as an acetylating agent. The reaction mixture was left stirring for several weeks. The product formation was observed by TLC until no more changes were noticed. Then, the solution was neutralized with ammonia and extraction followed with CH~2~Cl~2~ for three times. The organic layer was washed with water and brine for three times and then dried over sodium sulfate. After filtration, the acetylated products **5a** and **5b** were given by column chromatography over silica gel using a mixture of ethyl acetate and cyclohexane in a ratio of 35%:65%. All experimental data of the compounds are summarized in Supplementary materials.

Antibacterial activity
----------------------

The minimal inhibitory concentrations (MIC) of all compounds and standard antibiotics were determined by micro-dilution according to the recommendations of the Clinical and Laboratory Standard Institute guidelines.[@b25-dddt-13-275] Standard antibiotics oxacillin, vancomycin, and linezolid were purchased from Sigma-Aldrich (Taufkirchen, Germany). The MICs were determined in 96-well microtiter plates using a final volume of 100 µL Mueller Hinton Broth (MHB) containing beef infusion solids (20 g/L), casein hydrolysate (17.5 g/L), and starch (1.5 g/L). For MIC determination against oxacillin, 2% sodium chloride was added. The compounds and standard antibiotics linezolid and vancomycin ([Table 1](#t1-dddt-13-275){ref-type="table"}) were dissolved in dimethyl sulfoxide (DMSO) and diluted with MHB to a final concentration of 512 µg/mL containing 12.5% DMSO. The chosen DMSO percentage should avoid any precipitation during the following dilution procedures of the compounds which easily dissolved in the undiluted stock solution. The 12.5% DMSO has been used as a negative control. Further dilutions of the compounds and standard drugs in the test medium were prepared at the required quantities of 256, 128, 64, 32, 16, 8, 4, 2, 1, 0.5 and 0.25 µg/mL concentrations with MHB serially decreasing the final DMSO percentage. Oxacillin was dissolved in H~2~O at a concentration of 50 mg/mL, and further diluted in MHB to the same concentrations as the compounds and other standard antibiotics. All the compounds were tested in duplicate for their in vitro growth inhibitory activity against *S. aureus* Newman and MRSA USA300 LAC. Both strains belong to the *S. aureus* clonal complex 8 and are highly pathogenic.[@b26-dddt-13-275],[@b27-dddt-13-275] *S. aureus* strain Newman was isolated in 1952 from a human infection and owns a general antibiotic susceptibility due to a lack of drug resistance genes.[@b28-dddt-13-275],[@b29-dddt-13-275] MRSA USA300 strain LAC, as MRSA, confers resistance toward β-lactam antibiotics by the acquired *mec*A gene that encodes alternative transpeptidase penicillin binding protein 2a with a low affinity to the β-lactam antibiotics.[@b30-dddt-13-275] The final inoculum size was 5×10^5^ CFU/mL for the antibacterial assay. A set of tubes containing only inoculated broth was used as controls. After incubation for 20 hours at 36°C±1°C, the last tube with no growth of microorganisms determined by visual examination under an inverse microscope was recorded to represent the MIC (expressed in µM).

Cytotoxicity
------------

Human HEK293 cells (DSMZ Braunschweig, ACC-305) and SH-SY5Y cells (DSMZ Braunschweig, ACC-209) were incubated at 37°C in a humidified incubator with 5% CO~2~ in DMEM supplemented with 10% fetal calf serum and 5 mM [l]{.smallcaps}-glutamine (both Biochrom). Cells were seeded out at 1.5×10^3^ cells per well in a 96-well cell culture plate (TPP Techno Plastic Products AG, Trasadingen, Switzerland). The compounds were added immediately to the medium at the given concentrations. After 24 and 48 hours, respectively, AlamarBlue^®^ reagent (Invitrogen, Carlsbad, CA, USA) was added according to the manufacturer's instructions and incubated again for 6 hours before samples were analyzed. Detection of viable cells, which convert AlamarBlue reagent into the high fluorescent product, was performed by using a FLUOstar OPTIMA microplate reader (BMG Labtec) with the following filter set: Ex560 nm/Em590 nm. All measurements were performed in triplicates.

Results and discussion
======================

For our target compound synthesis, we mixed two equivalents of the indole **1** and one equivalent of the *o*-phthaldialdehyde **2** in the respective acetic acid volume. We observed the formation of two differently substituted indolonaphthalenes **3** and **4**, one with the indolyl residue attached to the 6- and one with the indolyl residue attached to the 11-position of the molecular scaffold ([Scheme 1](#f1-dddt-13-275){ref-type="fig"}).

The product formation proceeded via the dicarbinol intermediate **A** resulting from an aldehyde function attack to each electron-rich C-3 position of one indole similar to the recently reported reaction of aliphatic dialdehydes with indole.[@b31-dddt-13-275] The following cyclization reaction to intermediates **B** and **C** resulted from a second attack of the respective alcoholic function of the origin aldehyde to the neighbored C-2 of the respective indole. The final elimination of water led to the aromatic target compounds **3** and **4**. In cases of the unsubstituted indole, the 5-chloro and 4-methoxy indole, we observed the formation of both target compounds **3** and **4**. The more electron withdrawing indole substituents tend to give the formed products **4**, whereas the more electron pushing indole substituents tend to give the formed products **3**. In representing compounds **3a**, **3b**, **3c**, and **3d**, the proton signal of the unsubstituted 11-position was found at higher ppm values of 8.72 (**3a**), 8.79 (**3b**), 8.69 (**3c**), and 8.68 (**3d**), whereas the signal of the proton at the unsubstituted 6-position in representing compounds **4a**, **4b**, **4c**, and **4d** appeared at lower ppm values of 7.94 (**4a**), 7.95 (**4b**), 7.96 (**4c**), and 7.84 (**4d**). The low-field shift resulted from the neighbored NH function in accordance with predicted NMR data and proton shift data of indole protons next to the NH function of related carbazoles.[@b32-dddt-13-275]

The first antibacterial screening of our novel compounds has been carried out against *S. aureus* strain Newman and MRSA strain USA300 LAC in a bacterial growth assay with standard concentrations to determine the MIC, which is defined as the concentration which completely inhibited bacterial growth. Compound **3a** with the unsubstituted indole residue at the 6-position of the molecular scaffold resulted in an MIC value of 12 µM against *S. aureus* Newman ([Table 1](#t1-dddt-13-275){ref-type="table"}). However, the activity against MRSA USA300 LAC was only residual with an MIC value of 193 µM. The 5-chloro indolyl compound **3b** showed a reduced *S. aureus* Newman activity with an MIC value of 20 µM. The MRSA USA300 LAC activity increased compared with the unsubstituted derivative **3a**. The 5-methoxy indolyl residue in derivative **3c** caused a further reduced *S. aureus* Newman activity, whereas the MRSA USA300 LAC activity remained unchanged compared with the 5-chloro compound **3b**. If the 5-methoxy function was replaced with a 5-benzyloxy function in derivative **3d**, the *S. aureus* Newman activity increased, whereas the MRSA USA300 LAC activity decreased. All our 5-substituents so far may serve as a potential hydrogen bond acceptor function in addressing a bacterial target structure. If that hydrogen acceptor function was replaced with a 5-hydroxy function in compound **3e**, which may serve as a potential hydrogen bond donator function, we found MIC values of each 11 µM for *S. aureus* Newman and MRSA USA300 LAC. The activity toward *S. aureus* Newman was similar to that of the 5-unsubstituted compound **3a**, but significantly increased toward MRSA USA300 LAC and thus partly exceeds that of the used antibiotics. If the 5-methoxy function in compound **3c** moved to the 4-position in derivative **3f**, the activity toward both *S. aureus* strains was completely lost. Consequently, a substituent in the 4-position seems to be unfavorable.

The unsubstituted indolyl residue in the 11-position of the molecular scaffold resulted in an MIC value of 24 µM for compound **4a**. The activity toward MRSA USA300 LAC was determined with an MIC value of 96 µM. Thus, the activity toward *S. aureus* Newman was reduced compared with derivative **3a** with the indolyl residue in the 6-position of the molecular scaffold, whereas the activity toward MRSA USA300 LAC was increased. The 5-chloro substitution of compound **4b** caused mainly improved activities toward both *S. aureus* Newman and MRSA USA300 LAC with MIC values of each 10 µM. A replacement of the 5-chloro with a more bulky 5-bromo function in derivative **4c** led to a loss of activity toward both strains. If the 5-chloro substitution was replaced with a cyano function in compound **4d**, we found an increase of activities against both strains with MIC values of each 5 µM. The activity toward MRSA USA300 LAC is in the range of the reserve antibiotics against MRSA vancomycin and linezolid with 3 µM for vancomycin and 6 µM for linezolid. A 5-nitro function as electron withdrawing function in compound **4e** mainly decreased the activity toward both *S. aureus* strains. If that 5-nitro function moved to the 7-indole position in compound **4f**, the activities remained unchanged. We then replaced the 7-nitro function with a ring aza function in derivative **4g** and observed a further decrease in the activity toward *S. aureus* demonstrating that 7-indole substitutions are not favorable. A methoxy function placed in the 4-position of the indole in compound **4h** was also unfavorable with just a residual activity toward *S. aureus* Newman and a loss of activity toward MRSA USA300 LAC.

The most active compound **4d** has been tested in other *S. aureus* strains to confirm the results. For these tests, we selected five strains of different origin: the two MRSA strains N315 and COL, the vancomycin-resistant strain Mu50 and methicillin-sensitive clinical isolates belonging to the sequence type ST8, and a strong biofilm-forming strain belonging to ST228. The results revealed a high activity of **4d** against all five *S. aureus* strains ranging from an MIC of 2.5 µM (strain N315, Mu50) to10 µM (strain COL, ST8, and ST228).

Then acetylation reactions of the indole nitrogen atoms of selected compound **4a** have been carried out to get insight into the importance of the *N*-hydrogen atoms for the antibacterial activity. Compound **4a** dissolved in dichloromethane under addition of 4-(dimethylamino) pyridine as catalyst, acetic anhydride as acetylation reagent, and triethylamine as basic auxiliary reacted under stirring for several weeks at room temperature. Both, a monoacetylated and a diacetylated compound, could be isolated from the reaction mixture of compound **4a**. The monoacetylated compound **5a** with the acetyl function attached to the nitrogen atom of the 11-indole residue showed a mainly reduced activity toward *S. aureus* Newman with an MIC value of 171 µM. The MRSA activity was practically lost. The diacetylated compound **5b** showed a complete loss of the *S. aureus* activity. Thus, both NH functions play an important role in the antibacterial activity as demonstrated in the test series.

Next, we evaluated the toxicity of our most active compounds from both series **3** and **4** toward human HEK cells. We used compound concentrations in the range of the determined concentrations for the total antibacterial growth inhibition to assess antibacterial compound activity compared to effects toward human cells. In the assay system, a nonfluorescent dye is converted to the red-fluorescent resorufin by reduction via the mitochondrial dehydrogenases of metabolically active HEK cells. The percentage viability of the cells related to the untreated control cells has been determined for each 24 and 48 hours of incubation with the compounds at the given relevant concentrations of 4 µM for **3e** and **4b** and of 2 µM for **4d** ([Table 2](#t2-dddt-13-275){ref-type="table"}). In case of compound **3e**, 97.8% of the cells were viable after 48 hours and 98.3% after 24 hours. Using compound **4b**, 98.6% of the cells were viable after 48 hours and 99.5% after 24 hours. In case of compound **4d**, all cells were viable after 48 and 24 hours, respectively. So, it can be concluded that all compounds are completely nontoxic at the relevant concentrations. The results were confirmed by additional testing in human neuroblastoma SH-SY5Y cells under the same conditions as shown in [Table 2](#t2-dddt-13-275){ref-type="table"}.

Conclusion
==========

Finally, a novel compound class of indolyl indolonaphthalene was discovered as antibacterial agents against *S. aureus* including MRSA. The compound activity was influenced either by the nature of the varied indole substituent or by the positioning within the indole. Substituents in the 4- and 7-positions were found unfavorable with respect to the antibacterial activity. Strong electron-withdrawing substituents like the nitro function and bulky substituents like the benzyloxy or bromo function were also less favorable. Predominately, electron pushing substituents like cyano or hydroxy resulted in best activities toward both *S. aureus* strains. These effects may enhance the nucleophily of the nitrogen atoms. The observation that the acetylation of the indole nitrogen atoms was unfavorable supports the result that they are essential elements to play an important role in the antibacterial compound activity. As novel antibacterial agents are urgently needed, our work is an important contribution in the field of antibacterial drug development. Future works will concentrate on the identification of the still unknown antibacterial target similar to the recently reported lipolanthines with a still unknown mechanism of their antibacterial activity.[@b33-dddt-13-275]

Supplementary materials
=======================

Chemical reagents and instruments
---------------------------------

Commercial reagents were used without further purification. The [@b1-dddt-13-275]H-NMR spectra (400 MHz) were measured using tetramethylsilane as an internal standard. Thin layer chromatography was performed on E. Merck 5554 silica gel plates. The high-resolution mass spectra were recorded on a Finnigan LCQ Classic mass spectrometer.

Experimental data of synthesized compounds
------------------------------------------

*6-(1H-Indol-3-yl)-5H-benzo\[b\]carbazole (****3a****)*: Yield 4%; mp 115°C--120°C; IR (ATR) ν =3411 (NH) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.69 (s, 1H, NH), 9.77 (s, 1H, NH), 8.72 (s, 1H, 11-H), 8.31 (m, 1H), 8.15 (m, 1H), 7.91 (ddd, *J* =8.3, 1.7, 0.8 Hz, 1H), 7.64 (m, 2H), 7.39 (m, 4H), 7.19 (m, 3H), 7.0 (ddd, *J* =8.0, 6.9, 1.0 Hz, 1H); *m*/*z* (ESI) 333.1 (M+H^+^).

*2-Chloro-6-(5-chloro-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****3b****)*: Yield 9%; mp 255°C--260°C; IR (ATR) ν =3418 (NH), 1610 (C-Cl) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =11.79 (s, 1H, NH), 10.66 (s, 1H, NH), 8.79 (s, 1H, 11-H), 8.37 (d, *J* =2.0 Hz, 1H), 8.11 (m, 1H), 8.0 (s, 1H), 7.90 (m, 1H), 7.78 (m, 1H), 7.42 (m, 3H), 7.21 (m, 2H), 6.91 (d, *J* =2.2 Hz, 1H); *m*/*z* (ESI) 402.1 (M+H^+^).

*2-Methoxy-6-(5-methoxy-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****3c****)*: Yield 4%; mp 105°C--110°C; IR (ATR) ν =3411 (NH), 1063 (OCH~3~) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.55 (s, 1H, NH), 9.55 (s, 1H, NH), 8.69 (s, 1H, 11-H), 8.12 (m, 1H), 7.92 (m, 2H), 7.62 (m, 1H), 7.52 (m, 1H), 7.37 (m, 3H), 7.08 (dd, *J* =8.7, 2.5 Hz, 1H), 6.86 (dd, *J* =8.8, 2.5 Hz, 1H), 6.61 (dd, *J* =7.5, 1.5 Hz, 1H), 3.94 (s, 3H, OCH~3~), 3.88 (s, 3H, OCH~3~); *m*/*z* (ESI) 391.53 (M-H^+^).

*2-Benzyloxy-6-(5-benzyloxy-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****3d****)*: Yield 22%; mp 100°C--105°C; IR (ATR) ν =3415 (NH), 1268 (C-O) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.57 (s, 1H, NH), 9.57 (s, 1H, NH), 8.68 (s, 1H, 11-H), 8.13 (m, 1H), 8.01 (m, 1H), 7.91 (m, 1H), 7.63--7.53 (m, 5H), 7.42--7.19 (m, 11H), 6.98 (m, 1H), 6.75 (dd, *J* =7.4, 1.6 Hz, 1H), 5.03 (s, 2H, OCH~2~), 5.01 (s, 2H, OCH~2~); *m*/*z* (ESI) 543.26 (M-H^+^).

*2-Hydroxy-6-(5-Hydroxy-1H-indol-3-yl)-5H-benzo\[b\] carbazole-2-ol (****3e****)*: Yield 17%; mp 205°C--210°C; IR (ATR) ν =3402 (NH) cm^−1^; [@b1-dddt-13-275]H NMR (DMSO-d~6~) δ =11.22 (s, 1H, NH), 10.06 (s, 1H, NH), 8.96 (s, 1H, 11-H), 8.56 (s, 1H, OH), 8.48 (s, 1H, 11-H), 8.10 (s, 1H, OH), 7.76--7.23 (m, 7H), 6.89 (m, 1H), 6.66 (m, 1H), 6.34 (dd, *J* =7.5, 1.5 Hz, 1H); *m*/*z* (ESI) 365.2 (M+H^+^).

*1-Methoxy-6-(4-methoxy-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****3f****)*: Yield 3%; mp 165°C--170°C; IR (ATR) ν =3413 (NH), 1060 (OCH~3~) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.24 (s, 1H, NH), 8.76 (s, 1H, NH), 8.06 (s, 1H, 11-H), 7.95 (m, 1H), 7.83 (s, 1H), 7.44 (m, 4H), 7.36 (m, 3H), 7.12 (dd, *J* =7.3, 1.7 Hz, 1H), 6.80 (dd, *J* =6.1, 2.8 Hz, 1H), 4.15 (s, 6H, OCH~3~); *m*/*z* (ESI) 393.21 (M+H^+^).

*11-(1H-indol-3-yl)-5H-benzo\[b\]carbazole (****4a****)*: Yield 23%; mp 255°C--260°C; IR (ATR) ν =3407 (NH) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-*d*~6~) δ =10.47 (s, 1H, NH), 10.29 (s, 1H, NH), 8.02 (m, 1H), 7.94 (s, 1H, 6-H), 7.89 (m, 1H), 7.68 (dt, *J* =8.3, 1.0 Hz, 1H), 7.57 (d, *J* =2.3 Hz, 1H), 7.44 (dt, *J* =8.1, 1.2 Hz, 2H), 7.26 (m, 3H), 7.06--6.89 (m, 3H), 6.75 (m, 1H); *m*/*z* (ESI) 333.2 (M+H^+^).

*2-Chloro-11-(5-chloro-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****4b****)*: Yield 37%; mp 230°C--235°C; IR (ATR) ν =3409 (NH) cm^−1^, 1609 (C-Cl); [@b1-dddt-13-275]H NMR (DMSO-d~6~) δ =11.83 (s, 1H, NH), 11.45 (s, 1H, NH), 8.06 (m, 1H), 7.95 (s, 1H, 6-H), 7.69 (m, 3H), 7.45 (m, 2H), 7.34 (d, *J* =7.6 Hz, 1H), 7.25 (m, 2H), 6.78 (d, *J* =2.0 Hz, 1H), 6.72 (d, *J* =2.1 Hz, 1H); *m*/*z* (ESI) 402.1 (M+H^+^).

*2-Bromo-11-(5-bromo-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****4c****)*: Yield 50%; mp 245°C--250°C; IR (ATR) ν =3408 (NH) cm^−1^, 1604 (C-Br); [@b1-dddt-13-275]H NMR (DMSO-*d*~6~) δ =11.85 (s, 1H, NH), 11.46 (s, 1H, NH), 8.07 (m, 1H), 7.96 (s, 1H, 6-H), 7.70 (m, 2H), 7.60 (m, 1H), 7.47 (m, 3H), 7.30 (m, 2H), 6.93 (d, *J* =1.9 Hz, 1H), 6.88 (d, *J* =2.0 Hz, 1H); *m*/*z* (ESI) 491.2 (M+H^+^).

*11-(5-Cyano-1H-indol-3-yl)-5H-benzo\[b\]carbazole-2-carbonitrile (****4d****)*: Yield 12%; mp 210°C--215°C; IR (ATR) ν =3311 (NH) cm^−1^, 2219 (CN); [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =11.43 (s, 1H, NH), 10.97 (s, 1H, NH), 8.10 (m, 2H), 7.92 (m, 2H), 7.84 (m, 1H, 6-H), 7.70--7.60 (m, 2H), 7.60--7.54 (m, 2H), 7.43 (m, 2H), 7.19 (m, 1H); *m*/*z* (ESI) 383.6 (M+H^+^).

*2-Nitro-11-(5-nitro-1H-indol-3-yl)-5H-benzo\[b\]carbazole (****4e****)*: Yield 20%; mp 140°C--150°C; IR (ATR) ν =3350 (NH) cm^−1^, 1324 (NO~2~); [@b1-dddt-13-275] H NMR (DMSO-*d*~6~) δ =12.51 (s, 1H, NH), 12.23 (s, 1H, NH), 8.57 (d, 1H, *J* =2.3 Hz, 1H), 8.26 (dd, *J* =8.9, 2.3 Hz, 1H), 8.19 (dd, 1H, *J* =8.4, 2.4 Hz, 1H), 8.16 (s, 1H), 8.13 (d, *J* =8.4 Hz, 1H), 8.06 (d, *J* =2.4 Hz, 1H), 7.98 (dt, *J* =8.9, 2.4 Hz, 1H), 7.89 (d, *J* =8.9 Hz, 1H), 7.77 (dd, *J* =8.9, 2.4 Hz, 1H), 7.70 (d, 1H, *J* =2.3 Hz), 7.56 (dt, *J* =8.9, 1.8 Hz, 1H), 7.36 (dd, *J* =8.9, 1.8 HZ, 1H); *m*/*z* (ESI) 423.1 (M+H^+^).

*4-Nitro-11-(7-nitro-1H-indol-3-yl)-5H-benzo\[b\]carbazole (****4f****)*: Yield 55%; mp \>320°C; IR (ATR) ν =3400 (NH) cm^−1^, 1330 (NO~2~); [@b1-dddt-13-275] H NMR (DMSO-*d*~6~) δ =12.47 (s, 1H, NH), 12.30 (s, 1H, NH), 10.46 (s, 1H), 8.26 (m, 1H), 8.14 (dd, *J* =7.5, 1.5 Hz, 1H), 7.99 (dd, *J* =7.4, 1.6 Hz, 1H), 7.85 (m, 1H), 7.70 (m, 1H), 7.55 (m, 1H), 7.37 (m, 2H), 7.10 (m, 2H), 6.97 (t, *J* =7.5 Hz, 1H); *m*/*z* (ESI) 423.4 (M+H^+^).

*5-(1H-pyrrolo\[2,3-b\]pyridine-3-yl)-11H-benzo\[f\] pyrido\[2,3-b\]indole (****4g****)*: Yield 12%; mp \>320°C; IR (ATR) ν =3134 (NH), 1330 (C=N) cm^−1^; [@b1-dddt-13-275]H NMR (DMSO-*d*~6~) δ =12.18 (s, 1H, NH), 11.83 (s, 1H, NH), 8.31 (m, 2H), 8.09 (m, 1H), 7.93 (s, 1H), 7.79 (m, 2H), 7.48 (ddd, *J* =8.1, 6.6, 1.2 Hz, 1H), 7.29 (m, 2H), 7.05 (s, 1H), 6.98 (m, 1H), 6.84 (m, 1H); *m*/*z* (ESI) 335.7 (M+H^+^).

*1-Methoxy-11-(4-methoxy-1H-indol-3-yl)-5H-benzo\[b\] carbazole (****4h****)*: Yield 2%; mp 165°C--170°C; IR (ATR) ν =3313 (NH), 1058 (OCH~3~) cm^−1^; [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.25 (s, 1H, NH), 8.76 (s, 1H, NH), 8.06--7.93 (m, 3H), 7.83 (s, 1H, 11-H), 7.43--7.35 (m, 6H), 7.12 (dd, *J* =7.3, 1.7 Hz, 1H), 6.80 (dd, *J* =6.1, 2.8 Hz, 1H), 4.15 (s, 6H, OCH~3~); *m*/*z* (ESI) 393.20 (M+H^+^).

*1-(11-(1H-Indol-3-yl)-5H-benzo\[b\]carbazol-5-yl)ethan-1-one (****5a****)*: Yield 5%; mp 100°C--105°C; IR (ATR) ν =3405 (NH) cm^−1^, 1735 (C=O); [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =10.41 (s, 1H, NH), 8.99 (s, 1H), 8.66 (dd, *J* =7.5, 1.5 Hz, 1H), 8.05 (s, 1H), 7.87 (dd, *J* =7.5, 1.5 Hz, 1H), 7.47 (m, 1H), 7.40--6.81 (m, 9H), 2.83 (s, 3H, COCH~3~); *m*/*z* (ESI) 375.41 (M+H^+^).

*1-(11-(1-Acetyl-1H-indol-3-yl)-5H-benzo\[b\]carbazol-5-yl)ethan-1-one (****5b****)*: Yield 8%; mp 225°C--230°C; IR (ATR) ν =1732 (C=O); [@b1-dddt-13-275]H NMR (acetone-d~6~) δ =8.90 (s, 1H), 8.65 (s, 1H), 8.33 (m, 1H), 8.20 (m, 1H, 6-H), 8.07 (m, 1H), 7.82 (dt, *J* =8.5, 0.9 Hz, 1H), 7.59 (dd, *J* =8.1, 2.9 Hz, 1H), 7.64--7.41 (m, 3H), 7.14 (m, 2H), 7.00 (m, 2H), 3.05 (s, 3H, COCH~3~), 2.82 (s, 3H, COCH~3~); *m*/*z* (ESI) 417.66 (M+H^+^).
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![Reagents and conditions for compound formation: (**A**) HAc, reflux; (**B**) DMAP, Et~3~N, Ac~2~, CH~2~Cl~2~, RT.\
**Abbreviations:** DMAP, dimethylamino pyridine; RT, room temperature.](dddt-13-275Fig1){#f1-dddt-13-275}

###### 

Antibacterial activity data of compounds **3a--f**, **4a--h**, the acetyl derivatives **5a** and **b** and standard antibiotics

  Compound                 MIC values[a](#tfn1-dddt-13-275){ref-type="table-fn"} (µM)         
  ------------------------ ------------------------------------------------------------ ----- -----
  **3a**, Y=CH             H                                                            12    193
  **3b**, Y=CH             Cl                                                           20    80
  **3c**, Y=CH             OMe                                                          82    82
  **3d**, Y=CH             OBn                                                          59    118
  **3e**, Y=CH             OH                                                           11    11
  **3f**, Y=C-OMe          H                                                            653   653
  **4a**, Y,X=CH           H                                                            24    96
  **4b**, Y,X=CH           Cl                                                           10    10
  **4c**, Y,X=CH           Br                                                           522   522
  **4d**, Y,X=CH           CN                                                           5     5
  **4e**, Y,X=CH           NO~2~                                                        76    152
  **4f**, Y=CH,X=C-NO~2~   H                                                            76    152
  **4g**, Y=CH,X=N         H                                                            191   191
  **4h**, Y=C-OMe, X=CH    H                                                            163   326
  **5a**, Y,X =CH          H                                                            171   342
  **5b**, Y,X=CH           H                                                            307   307
  **Oxacillin**                                                                         2.5   48
  **Vancomycin**                                                                        3     3
  **Linezolid**                                                                         6     6

**Note:**

All MIC values have been determined in duplicate and were almost identical.

**Abbreviations:** MIC, minimal inhibitory concentration; MRSA, methicillin-resistant *S. aureus*.

###### 

Cytotoxicity data of compounds **3e**, **4b**, and **4d** determined as percentage cell viability related to the untreated control HEK and SH-SY5Y cells

  Cell viability (%)                       
  -------------------- ------ ------ ----- ------
  **3e**               98.3   97.8   100   98.4
  **4b**               99.5   98.6   100   100
  **4d**               100    100    100   100
